A case of lytic lesion of the pelvis in a 23-year-old woman is presented. A biopsy led to the diagnosis aneurysmal bone cyst (ABC). Due to the histologically very aggressive growth of the tumor, a low malignant osteosarcoma could not be excluded. In an initial operation the tumour, affecting the sacrum, the iliac crest and the lower lumbar spine was resected. Temporary restabilisation of the pelvic ring was achieved by a titanium plate. The histological examination of the entire tumour confirmed the diagnosis ABC. After 6 months, the MRI showed no recurrence. The observed tilt of the spine to the operated side on the sacral base prompted a second surgical procedure: a transpedicular fixation of L5 and L4 was connected via bent titanium stems to the ischium, where the fixation was achieved by two screws. This construction allowed the correction of the base angle and yielded a stable closure of the pelvic ring. The patient has now been followed for 6 years: the bone grafts have been incorporated and, in spite of radiological signs of screw loosening in the ischium, the patient is fully rehabilitated and free of symptoms. Pedicle screws in the lower spine can be recommended for fixation of a pelvic ring discontinuity.
A 23-year-old woman presented with a low back pain (LBP) history of 2 years. Plain film radiographs and an MRI of the lumbar spine had not shown any pathologies. The patient had been treated with drugs and physical therapy. The patient was referred to our hospital since the pain increased, especially during the night with referral to the legs. A new X-ray examination of the spine showed a cystic structure in the sacral bone. Immediately following this discovery, images of the whole pelvis were taken, revealing a lytic lesion of the left pelvis involving the ilium near the acetabular roof, the sacrum near the spinal canal, and also the left L5-lamina (Fig. 1 ). An open biopsy was performed. The histological examination revealed multiple communicating vascular spaces separated by fibrous septa. Some areas showed suspicious bone lesions. The histological diagnosis was aneurysmal bone cyst (ABC) but, due to the very aggressive growth of the tumour, a low malignant osteosarcoma could not be excluded.
Therefore the strategy of operative treatment was an initial wide tumour resection and temporary stabilisation of the pelvic ring. After histological examination of the entire lesion, a subsequent operation was planned to reconstruct the pelvic ring with custom-made implants and graft material.
A combined anterior and posterior approach in a lateral decubitus position was used to carry out the wide tumour resection. The tumour had spread into the L5-lamina, the left part of the sacrum, the iliac crest, and the ileum down to the level of the back side of the articular cartilage of the acetabulum. Primary stabilisation of the pelvic ring was achieved by mounting a 12-hole titanium osteosynthetic plate between the L5-vertebra and the anterior inferior iliac spine (Fig. 2) . Although not previously planned, the proximal part of the iliac crest, which had been removed with the tumour but was not affected by it, was dissected into two parts and used as an autologous bone graft. It was placed near the titanium plate between sacrum and hip joint and secured in place with wires.
The patient recovered without any problems. She did not suffer any peripheral neurological deficiency in her lower extremities. After the wound healing The histological examination of the entire tumour confirmed the diagnosis of an aneurysmal bone cyst (Fig. 3 ). An MRI 6 months after the operation did not indicate any tumour recurrence. However, a tilt in the lumbar spine relative to the sacral base had occurred due to the resected muscles. Consequently the base angle of L5 to the sacral base deviated 20 from neutral to the non-operated side (Fig. 2) .
For the final reconstruction, a 3-D model of the pelvis was created from CT data. Using that model, the transpedicular dorsal spondylodesis L4-S1 with a titanium transpedicular fixation system Ã was mounted and extended to the ischium by attaching specially designed titanium stems. These were bent to fit the 3-D model and designed to be mounted to the ischium by two pedicle screws (Fig. 4) .
At the beginning of the second operation the titanium plate was removed. There was no local sign of new tumour growth. The iliac crest autologous bone graft, which had been used in the first operation, seemed to be incorporated, only the junction between the two parts of the graft showed a pseudarthrosis. The spinal and acetabular ends were well fixed. Pedicle screws were inserted into the L4-and L5-pedicles at both sides, whereas the S1-vertebra was only instrumented at the left site. Two pedicle screws were placed into the ischium: the shorter proximal one at the level of the obturator foramen, and the longer distal one anteriorly through the ischium into the pubis. A non-vascularised autologous graft of the left fibula was dissected and placed between the lumbosacral region and the ilium. Fixation was achieved using two titanium cortical screws and wire. The custom-made device was mounted at the spine and the ischium and the base angle of the spine was corrected by distraction (Fig. 5) .
The early postoperative period revealed a peroneal nerve palsy due to the harvesting of the fibular graft material. Restoration of function started after about 5 weeks. For the first 6 months postoperatively, the patient was allowed weight-bearing of 50% bodyweight, which she tolerated without any pain or mechanical problems. Thereafter, full weight-bearing was allowed. The nerve palsy resolved completely within 6 months.
A sequential post-operative radiograph revealed sufficient fusion without loosening zones. There was no indication of tumour recurrence. One year postoperative the patient was fully rehabilitated and returned to work. The patient has now been followed for 6 years and the overall clinical result is good. The reinforced pelvic girdle remained very stable due to the sufficient midline fixation that was achieved using the spine as the base for the mechanical construction. The most recent X-rays showed a loosening of the ischial screws with surrounding sclerosis. This was not of clinical relevance, because the pelvic ring has been re-established by the wellincorporated bone grafts. The cartilage joint space, as observed from the X-ray, and the range of motion in the hip joint is nearly normal.
Discussion
ABC is a highly vascular bone lesion of unknown aetiology. 1 The lesion occurs by the age of 12-19 during or shortly after skeletal maturity. 1, 2 It is rarely diagnosed beyond the age of 30 years. 3 It mostly arises in the long bones; 4 however, other locations are also described in the literature.
3,5-10 A few cases of aneurysmal bone cyst of the spine [11] [12] [13] [14] or the pelvis 15, 16 are reported. For a long time the ABC was characterised as a non-neoplastic lesion. 1 More recent cytogenic studies have revealed involvement of chromosome segments which suggest that some aneurysmal bone cysts are true neoplasm. 17 Some authors contend that an aberration of bone growth is an important factor in pathogenesis by causing alterations in haemodynamics. 18 Others describe trauma as an initial lesion for development of ABC. 8 In many cases ABC is combined with other skeletal lesions. The coexisting lesions may be Ã WSI, Peter Brehm, Germany. malignant or benign. 5, 19, 20 The number of coexisting lesions is estimated to be between 1 and 35%. 21 The therapy of ABC is described as curettage, cryosurgery, 19 bone grafting or a combination of these. 22 Some authors reported selective arterial embolisation as a possible alternative or adjuvant therapy. 7, 16, [22] [23] [24] Radiation therapy has also been described, 25 but is not recommended due to postradiation sarcoma. The overall management of these lesions must be individualised, depending on size, location and aggressiveness of the tumor. 16 The rate of recurrence after curettage is reported to range from 37 to more than 50%. 19, 26 Curettage and bone grafting in combination with radiation is reported with a recurrence rate of only 9%. 19 Recurrent lesions after primary surgery are noted to develop within 2 years. 16 In this case the possibility of a low malignant osteosarcoma required the resection of the entire process. The uncertain dignity of this lesion did not allow preoperative arterial embolisation. An adjuvant chemotherapy should have been attempted if an associated osteosarcoma had been determined histologically. As, by examination of the open biopsy, there still remained doubts about the histological dignity, the strategy was a primary wide resection as Fig. 2 . X-ray after tumour resection in the first operation ( follow-up 6 months): a titanium plate was used for fixation. The part of the resected iliac crest, which was not affected by the tumour was used as a bone graft. Note the increasing tilt of the spine to the non-operated side. Fig. 4 . 3-D reconstruction of the situation after the first operation: the model was used to plan the second operation. A spinal fixator was bent to the model, and two ischial screws were used to close up the pelvic ring. recommended for large, benign, aggressive tumours undergoing malignant degeneration. 27 The histological view of a normal aneurysmal bone cyst is composed of fibrous stroma with spindleshaped fibroblasts, multinucleated giant cells, and inflammatory mononuclear cells. Spaces and areas of haemorrhage are uniformly present (Fig. 3) . It may be difficult to distinguish this entity from a giant-cell tumour because of radiographic and histological similarities. 28 In this case the aggressive growth of the tumour meant that it was impossible to exclude a low malignant osteosarcoma by examination of the biopsy material. Low grade central osteosarcomas are very rare, they morphologically simulate benign bone tumours or tumour-like lesions (for example ABC). Because of the apparent bland histology a low malignant osteosarcoma may be misinterpreted as a benign lesion. 29 Despite their primary low malignant behaviour the capability to transform into a highly malignant sarcoma should be considered.
Limb sparing surgery in cases of pelvic tumour might be possible by the use of implants or allografts. [30] [31] [32] Pelvic reconstruction due to sacral tumour resection is technically difficult since the sacral cancellous bone does not provide sufficient mechanical stability for implant fixation. The mechanical load transfer into the pelvic ring is normally conducted via the SI-joints to the iliac bones while the sacrum itself is hardly loaded. This load transfer from the lower lumbar spine to the pelvis was achieved by the use of transpedicular and ischial screw fixation. Due to the very low bone density of the sacrum itself it is not possible to achieve implant stability by using only sacral screws. It might have been possible to load the contra-lateral SI-joint by fusing it with a trans-sacral screw. However, the more secure method seemed to be the implant fixation, as known from common lower lumbar spine fusion.
In the presented case, the tilt of the lower spine base angle favoured the use of the L5-pedicles as the base of the pelvic ring reconstruction. The tumour progression close to the acetabular roof did not allow direct implant fixation, but grafting with autologous bone was possible in this area. The pelvic ring could therefore be reconstructed with bone grafts nearly according to its normal anatomy, whereas mechanical stabilisation was achieved in a non-anatomical way.
Other authors prefer using free vascularised fibular grafts for the reconstruction of the pelvic ring. 33 In the presented case the non-vascularised grafts have been incorporated well.
This case shows a wide tumour resection and pelvis reconstruction with custom-made instrumentation and autografting. As, at a 6-year follow-up, the patient is fully rehabilitated and free of symptoms this surgical procedure can be recommended in similar cases of pelvic discontinuity due to tumour resection.
